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SUMMARY

Ward O. Mathews

.

Valne6 of the lateral-etabllit~ &erlvative cur, the

rate of olzange of yawing-moment coefficient with yawing
angular velooi.%y, contributed by the wlng~ tho fuselagec
and the vertical tail have been determined “for.a midving
airplane model by the free-oscillation method.

It was fouq~ that the values of Cur contributed b~..

the vertical tail and by ths profile drag of the wing were
in good agreement with thoor~. The damping contributed
by the wing varied as the square of the lift coefficient,
“but the aotual values were somewhat lower than those pre-
dicted by existflng theory. The valuo of Cnr contributed..

by the fuselage appeared to be negligible.

An empirical formula IS presented for obtainin~an
approximate value of On for a conventional midwing air-.

r
plane.

IHTRODUOTION ,
...

In oaloulatiag the lat,eral stability of an alrpl.fms; ‘ “ .
..

difficulty ie ofteu experlencod in estimating valaeta of .
the stability derivative Cn=s .the rato of change of
yawing-moment ooefflcient wl~h yawing angular velocit~.. A&
thcugh theoretical methods.for obtaining the value of % .
oontrlbuted by the vertiaal tai”l and the wing are given Ln “
references 1, 2, and 3, ltttle reoent experimental wcrk . . ,
has been dfine to determine valuee of this derivative. In
order to provide experimental data on the osntributions nf .-
the wing,-the fusel&ge, and the vertical tail to Cnr, - .
some meaeuremento for a midwing airplane model have been
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made in the “NACA free- fl”ight tunnel . Additional measure-
ments were made for a rectangular wing of high--lift seo-
tj.on in order to extend the lift ooeffioients to the high
valuee encountered by full-seaie airplanes. The results-
are presented in tho present report,

A free-ogolllation method similar to that described
in reference 4 was used. The values of Cnr were directl-

y determined from the damping of free-yawing oscilla-
tions, which were obtained with the models mounted on a
strut “- .

... . - --
that parmZttOd frOedO~ only In yaw. .

Cllr

c%

l!lr

19rf “

.

rate of change of yewing-moment coefficient with
yawing angular yelocity per unit of rb/2v

[“.i’(%)j ‘

rate of change of yawing-momenti coefficient with
angle of sideell.p (’Cn/’~)

lift coefficient (L/qf3)

lift coefficient of wing alone

increment of lift coefficient due to flap

profile-drag coefficient (Do/qS) ~

pro-file-drag coefficient of wing alone

Increment of profile-drag coefficient due to flap

yawing-moment coefficient (N/qbS) .-

yawing moment, foot-pounds {

rate of’ change of aerodynamic yawing moment with
yawing angular velocity (m/a31

rate of change of frlotional yawing moment with yaw- ‘
ing angular velocity ~(aH/ar)f]

rate of change of aerodynamic yawing moment with an-
gle of yaw (aN/av)

.

.
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bf

v

P

w

rate of chango of restoring moment of torsion epring
with angle of yciv

. .-= .,. - , .,+ .. - . . .
lift, pounds “

profile drag, pounds . -

dynamio preesure, pounds per square} foot (*”)
. .. .

wing area, square feet

yawing angular- velocity, radiane por aeoond

a

.“

&f

IZ

wing span, feet .. . ,

flap span, feet

alrOpeod, foeti pez eecond

atr density, sltigs per cubic foot ...

angle of yaw, r8diams

maximum amplitude of yawing osolllation at zero
time, radlana

maximum amplitude.of yawing oscillation at time t,
radiane

angle of sideslip, radians (-*)

total logarlthmio dacremect ~r damping factor .

logarithmic decrement due to. friction

tf.me~ aec”onda :.

period of yawing oeclllaticn, seconds

aspect rati.~

t~per ratio (ratio of tip chord to root chord)

distnnoe from center of gravity to rudder hinge
feet

yawing moment .of.inertja, slug-feet square

1.

.

line,

.

kO* k%, k=, k3, kf constante #

.
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METHOD”
.

..

The equation of motion-of a system having freedom On~F
in yaw aan be expressed, to a oloae first approximation, aa

a
Iz &

-v : f)s - (=L?’) “ = 0
- N=+N=

at
(1) “

The yawing
equation can be

motion of the ayatem represented by thla
expreaaed by an equation of the form.

~-at (A ~~n bt +B coa bt)

whioh repreaenta a damped harmonic oaoillation where the
ratio of the maximum amplitude of succe$taive oaoillationa
ia

* max

VA= ‘-atmaxo

!Che value of a, the logarithmic decrement or the damping
factor, oan be determined fro~ the experimentally recorded
anglea of yaw against time bV meana of this relationship.
wliich, when transpoaod, gives

.

log Vma=o . 10~ +ma~t“
., a=—— —.—

t
(2)

The damping derivative oxpres~ed in termO of the damp-
ing facstor la ,.

?Ir +“Nrf ~ -21ZS .. (3)
. .

and the damping derivative due to friction la

.. .
‘rf = -21Zaf

.

Oomblning equatlone (3) and (4) gives”

?ir = -21Z (a - af) “ ‘“

;r, in nondimoneiohal form, ,.

‘nr =--* (a-af)”

(4)

(6)
. . .

.
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“ !I!heperiod of the yawing oselllation” expressed. 3=
“t+ermtaof the ooeffluients of equat%on (1) is---- # . ...... ..- ., -.. -.,. 4!-.--.,-.- ..

Th-e effect of.friotion on th9 period Is negligible. At
zero alrspesd, when Hr and

%
. hecOme zero, equation

(6) reduces to

T=

Qr “

(7)

3Y substituting in eauatlou (7) tho value of ~ at
zero airspeed! the yawing mment of inertia IZ can be
obtainod for use in equation (5).

It nbould be noted that the reetoring moment of the
torsion sprin

f
k affects the period of the oscillation

(e uaticn (6) but does not affect the damping (equation
(3?) . It iEI possi”ble, therefore, tc ad~ust the perlo!i to
any desired value without affectl~g tho measurement of
c-nr ●

APPA3ATU6 AND PROCEDURE
. . ,.

The investigation. va~ carried out in ths l!WCA free-
flight tunnel with the apparatus shown In figure 1. The

. upper portion of the strut to whioh the model is attached
ia moupted In ball,bearlnge and ie free to rotate within

.the fixed base. The model J.e therefore free to yaw but 5tI
restrained In roll and pitch. The movable portion of the
strut ie hinged to permtt a&~uetments in the angle of at-
taak of the wodel being tested.

A torsion spring connecting the fixed and movable
portiong.of the strut provides the additional re~toring mo-
ment “necessary for obtaining short-period yawing oscilla-”

#

r—...—.——-————-—.-—— — —
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tions. It 16 important that the ‘period of theaoacilla- ‘
tions be feirly short to InBur& a well-~ef~ned oscillation
envelope and therefore to permit an accurate measurement
of damping.

The airplane model used in the tests Is shown In fig-
ures 1 and 2. Tha wing of the model had an aspect ratio
of 6.7 and a taper ratio of 0,40, and was equ~pped with .“
partial-span split flaps deflected 60°. Two vertical
taile, shown in figure 2, were used on the model. The
model was mounted on the strut with its center of gravity
on the axie of rotation.

!l!herectangular wing used in the investigation had an
aspect ratio of 6 and an NACA 103 airfoil sootion. This
airfoil section was used beeauss of its high maximum,lift
coefficient at the low Reynolds numbers of tho free-flight-”
tunnel teets. For ~ome of the teetti the wing wae fitted
with a split flap 20 Fercent of thg wing chord and 60 per-
cent of the wing span.

. .

The airplane model.was te~ted at dynamic preeeures of
1.9 and 4.1 pounds per squard foot. Ho appreciable change
itl Cnr wae noted with variation in dynamic preeeure. ,

The rectangular Aag was teeted only at a dynamic pressure
of 1.9 pounds per square foot becauee of exceesive vibra-
tion of the wing at higher valuee of dynamic preesure.

The testiug p~ocedure consisted cimply in ~awlng the “
model approximatel~ 20°J reloa~in~ It, and reoording the
reeultins oscillations with a motion-picture camera mount-
ed on top of hhe tunnel.

The friction of th~ system was determined from tests
at zero airspeed with the modele replaced by flat lead
weights on long rods. These weights were adjusted to sim-
ulate the yawing moments of inertia of the models and were
alined u-ith the plaue of rotat!on to givo negligible air
damping. In tests of the airplane model at zero airspeed “ “
with vertical tail re~oved, essentially the same damping
was cbtaiuod as in the friction tests. lt appeared, there-
fore, that a tail-off run at zero airepeed could be satis-
factorily ueed to replace the special friction tests with m
lead weights.

The peaks of the oscillation recordod by the camera
were read from the film record and plotted against time.
The natural logarithms of the faired peaks were then plot-
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ted against time and the slopee of the resultlng straight.
‘“’”’”lines we~b “@aphieql represemtatitons of-the logarlthmio

.-,.....-,

deorercents a and af. The numerical values for a and

af were determined from the slopes by equation (2) ad
i these walues were substituted in equation (5) to obtain
) a

Lift and drag coefficients and yawing-moment ooeffi-
olente due to Bldemllp were determined by teete On the
taix-oomponent balance in the tunnel for use in correlat-
ing the measured values of o nr with the theoretical de-
rivatlvee,

THEORETICAL DAMPING DlllRIVATIVllS.

The value of Onr for a complete alrpl.ane may be as-

sumed to be made up of dtrectly additive contributions of .
the vertical ta31m wlng~ and fucelage, if interference ef-
fects are neglected; that IS,

Cnr =
CCnr(tail) + ACn + “Qr(fuselage)r(wing)

It can be showu that the contribution of the vertical
tail Is

AC 2 ; ACn
‘r(tail)= ‘“ P(tail)

Tor a wing without flaps
. . I/

=~, KOGDO: i Kl%a“nr(wing) . --- .
simple integration for Xo y~elds

(8)

(9)

Values for Ifz are given. in figure 13 if referenoe 2,
whioh may be represented by the equation

Kz =
(

-0.031 1 - “- 6 - ~-&) . (lo)
13 .

..

The value -0.031 1s for a rectangular wing of aepect .

,
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ratio 6.0. Glauert, in reference 1, glvee a value of4
-0.024 for th16 oondltlon.

Eor a wing with partial-span flaps extended, the
profile-drag term KOODO beaomes

where

KOCD = KOOD + Kf&D
o Ow of

bf
~sd”a~(l-~)

Kf = -0.33
() b 2+2A

(11)

La

—...

and the induced-drag term KzOLa takes the form

.KICL= = KICLW2 + K=ACLfCLw + K3ACLfS (13)

,.

Valuee for KI and K3 are given in figures 12 and

13 of referenoe 2, but th~ value for KS lb not given in
this referen~e ana Is apparently not available from other
eourcee. for the flaps-extended “-Inaemt~ch a~ Actir(wing)

condition cannot bo computed without the value of K=, it
appears desirable to pre~are additional chartB for this
faotor.

Calculations of reference 5 indicate that the theoret-
ical value of AOn i~ zero for fueelagee that

r(fueelage)
are ellipsoidal in shape,

RESULTS AYD DISCUSSION

Contribution of Vertical Tail to Cnr

Values of Cnr fGr the complete model with partial-.
epan flaps extended are given In figur-e 3 as a function of
vertiaal-tall 8ize. Value8 of “nr(taill are obtained

directly frcm the data in figure 3 by subtracting the
value of ‘nr ~~th tail off from the values of Cnr with

tail on. The line drmwn on the figure was computed from
equation (8) and was based on the meaeured values of
Ao
“nB(tail)

given i.n the table on figure 2. The agreement



between the test points and thie oomputed line Ie an indi-
cation that the contribution of the “vertloal tall to cur

for a midwing airplane can—be-computed with reasonable ao-
ouraoy from the theoretical relation given in equation
(8).

.
~or high. or low-wing airplanes a eorreotion factor

might be neoessary for this relation beoauee the sidevash
at the tall, which variee with wing posltlon, oauses dif-
ferent ohanges in ACn

@(tail)
and ACnx(tail). .

Contribution of Fuselage to Onr ..

The data of figure 4 show the variation of Onr with

lift coefficient for the fuselage-wing combination and for
the rectangular wing with partial-epan flaps extended.
The value of Cnr for the fueolage and wing varied from “

-0.014 to -0.02E over the lift range covered in the air-
plane model tests.

A comparison of the C*= values for the fueelage-

wl.ng cGmhinaticn with the values for the rectangular wing
with flaps extended (fig. 4] indicates that the fuselage
had a negligible effect on Cnr. Although it appears from

a direct comparison cf the data that the fuselage sllght-
ly reduced %= ~ this apparent reduction was probably :

caused by the difference In plan form and by the greater -
profile drag of the rectangular wing. Other reoent tests,
the results of which are unpublished, have indicated val-
ues of #5cn rnn~i.ng from--0.003 to -0.006. It

r(fuselagc)
appears, therefore, that the fueelage contribution to Cnr

ie normally emall enough to be neglected.

Contribution of Wing to Cnr

variation of AC
~yin~)

with lift coefficient.- The

data of figure 5 show that Acn
r(wing)

for the wing with

flaps retracted varied-ae the square of the lift coeffi-
cient, ae predicted by theory, but that the value of K1
was smaller than the value predicted by either referenoe 1
or referenoe 2. The experimentally determined value of
Kl for the rectangular wing was -0.020; whereas reference
1 predicted a vslue of -0.024 and reference 2, a value of

.
mmnmmmmnmm. mm mm nm.m.m— —
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-0.031. It appears that the value of -0.031 given by ref-
e=enoe 2 and ueed In equation (10) is too large and should
be replaced by -0.0.20.

The variation of On. ylth lift ooeffioient for the

wing with partial-span fl~ps extended (fig. 4) differed
from tho variation with flaps retracted in that the mini-
mum value of Cnr was obtained at a small pomitive lift

coefficient ratlior than ~t zero lift. This result, whioh
Is also indicated by equation (13), is due to the fact
that at zero lift the oenter flapped section is developing
positive lift. the tip section is developing ~OgatiVe lift,
and both are contrlhuting to Gnr . Inasmuch as no calcu-

lated value for the constant Ka wne available, no corre-
lation of the theoretical and experimental variation of

“%(wlng)
with lift coefflci.ent could be made for the

fl.aps-ex%endeti condition.

Variation Of ACnr(win j with profile drag.- The
——— .— -.

value of Cnr for the wing with flaps retracted at zero

lift wae about -0.007, as shawn in figure 5. ?!he profile-
drag coefficient CDO for t-he wing, ae measured on the

balance in the tunnel. for the sama condition, wae 0.024.

From these two values, K. Is found to be ‘!% or “
.

.-0.29. Equation (9) yield~ 0.33 as the theoretical Value
for K. for a rectangular wing, It anpears that the cal-

culated and the experimentally determined values of Ii.
are in fairly good agreement.

With the partial-span flape deflected on the rectangu-
lar wing, the value of due to profile drag ca~ be ob-Cnr .
tained from the value of Cnr at the llft coefficient

given hy the flap. Tor the wing tested, the flap gave an
Inoremeni of lift coefficient of 0.60. From figure 4 at a
lift coefficient of 0.60 ths value of Cnr WE a -0.017.

Combining equatione (11) and (13) and eliminating terms
containing CLWS becauee CLW = O at CL = 0.60, g~ves

c = Kocl’) + KfACD
‘r

+ KJlczfa
‘v of

—-. .
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The YaIue KoO~ was -0.007 from the wing-alone tetit;

‘V
AOD ma. .0.0-80 from force te.ete; Kf

of
waO -0.072 from

equation (12); and ~ was -0.0092 from reference 2. Then,
. for a value of AOLf of 0.60,
)
) .. .
J ‘nr

[ 1

= -0.007 + (-O.072X0.080) + -0.0092x(0.60)a o ‘

= -0.007 -0;006 -0.003 “

= -0.016

This result is in good qgreement with the measured value of
--0.017. The magnitude of all cf these faoto~e is small,
however, oompared vlth the contribution of the tail eurface.

Determination of Cnr for Complete Model

The following empi=ical formula, which was derived
from test results, should give a fair approximation of the
7alue of Cnr for a conventional midwing airplane~

CONCLUDING RMlL4RKS

The free-oscillation method of determining damping In
yav is considered very oatlefaotory in that it provided
reasonably accurate results quickly and ehsily. The follow-
ing conclusions were drawn from the reeults of the free-
oecillation tests OR the midwlng airplane model and the rec-.
tangular wing model: .

1. The experimental Valuee for the yawing moment due
to yawing contributed by the vertical. tail were In good
agreement with the ualoulated values.

2. The values of the yawing moment due to yawing
contributed by the wing varied as the square of the lift
coefflcl~nt but were lower than thoee predicted by theory.
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3. The value of the yawing moment due to”yawlng con-
tributed by the profile drag of the wing was approximately
the same as the theoretical value. “

4. The contribution of the fuselage to the yawing
moment due to yawing was negligible aompared with the
value for the complete model,

..
5. The test results indicated that a fair approxima-

tion of the value of the yawing moment due to yawing for a
conventional midwing airplane oould be obtained from an
empirical formula.

Langley Memorial Aeronautical Laboratory,—
19ational Advisory Committee for Aeronautic,

Langley Field, Va. .
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Figure 1.- Mldwing airplane model mounted on yaw strut for damping tests in the NACA .
free-flight tunnel. .

-
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